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INTRODUCTION

24
Dehydration and devolatilization reactions are fundamental processes con- proposed as a mechanism to allow embrittlement at depths where the lithostatic 34 pressure is typically considered to be too high to allow brittle deformation to 35 occur (Raleigh and Paterson, 1965; Okazaki and Hirth, 2016) . It has also been 36 proposed that fluids from dehydration reactions can be channelized for long dis-37 tances along the subduction interface, providing a route for water to be recycled sample (upstream reservoir) and is semi-undrained to an isolated reservoir on the other end (downstream reservoir) (Fig. 2) .
70
Field studies of dehydrating systems, from exhumed fossil subduction zones, 71 have shown two distinct dehydration structures: (1) narrow reaction fronts 72 (Padrón-Navarta et al., 2011; Blattner, 2005) , and (2) wide reaction fronts sure is low; they can create their own porosity and permeability but evolving 89 pore-fluid pressure will feedback on evolving reaction rate (Brantut et al., 2017;  controlled and that it allows a wide range of parameters to be explored. The analyzed. Fluid pressure is known to play a key role on the reaction rate while 127 effective confining pressure effects pore compaction (Llana-Fúnez et al., 2012) .
128
Cylindrical samples of intact Volterra gypsum with an initial mass (m 0 ) between 129 27.75 g and 28.80 g corresponding to a length of ∼40 mm and a diameter of 130 ∼20 mm were prepared from the same block (Table 1) . Samples were jacketed 131 in a 3 mm thick Viton sleeve and two high permeability (10 −13 m 2 ) stainless 132 steel porous disks were placed at the top and bottom of the sample to evenly 133 distribute the fluid pressure over the ends of the sample (Fig. 2) the molar volume, gyp gypsum and bas bassanite (more details on Table 2 ).
186
PERMEABILITY, POROSITY AND MICROSTRUCTURAL EVO-
188
LUTION RESULTS
189
The general behaviour for all experiments is the development of pore-fluid ( Fig. 3C-D) .
216
As reaction proceeds, the average porosity in all tests increases quasi-linearly 217 due to a solid volume reduction as gypsum transforms to bassanite (Fig. 3C ).
218
Note that porosity values computed with Eq. 2 and shown in 
237
During the reaction, a rapid average permeability increase is recorded at the on- for LP ef f than HP ef f and for PP20 than PP60 (Fig. 3D ). These differences 241 in average permeability are directly related to porosity reduction with respec-
242
tively the lowest and highest porosity for LP ef f − P P 20 and HP ef f − P P 60 
248
It can also be noted that the onset of the permeability increase occurs at lower between a reaction front, defined in terms of reaction product proportion, and 298 a drainage front, defined in terms of pressure drop.
299
Despite the apparently uniform distribution of bassanite in the LP ef f tests, 300 the pressure data show breakthrough (Fig. 4) . This leads to the inference 301 that the drainage front is associated with only a small amount of reaction and 302 its leading edge is contained within the reaction front. These are two distinct 303 features, although they move at the same speed. We propose that the drainage front is narrower than the reaction front (Fig. 6 ).
305
Consequently the trailing edge of the drainage front arrives at the down- only form when their length scale is similar to the drainage front (i.e. narrow).
312
This idea is developed into a quantitative model later in this section.
313
A synthesis of the data from this study is presented in Fig. 7 . This figure   314 shows the six experimental conditions, the maximum pore-fluid overpressures
315
(maximum pore-fluid pressure minus starting pore-fluid pressure) and perme- producing fluids, which is controlled by temperature and pore-fluid pressure.
332
Secondly the compaction ε, expelling fluids, which depends on the porosity and ison to reaction rateξ, a fast-moving reaction front will form. Conversely, if 365 compaction ε is high in comparison to reaction rateξ reaction front migration will be slow.
367
To test these general concepts, a simple analytical model has been developed 368 (see AppendixC and Fig. 6 ). This analysis shows that the reaction front ve-369 locity (u d ) (Eq. 3) (assumed to be equal to the drainage front velocity), the the pressure at the equilibrium P eq and the pore-fluid pressure P P .
Equations 3 force. This means that if permeability is high and the driving force is high (i.e.
384
low PP), reaction front velocity will be fast as shown in the experiments (see 385 Fig. 7) . On the contrary, if permeability is low and driving force low too (i.e.
386
high PP), the reaction front velocity will be slow as shown in the experiments.
the results from the dimensional model (see Table 3 ). In Table 3 (i.e. pore-fluid pressure) on reaction front width than reaction front velocity.
405
Reaction front width appears thus to be more controlled by permeability, which 406 is function of compaction. This analysis is in agreement with the experimental 407 data where reaction front width is strongly influenced by the effective confining 408 pressure (Fig. 7) . The three expressions (4), (3) and (5) 
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Based on this study, the development of a wide reaction fronts at ET-MS and a 443 narrow reaction fronts at CdA would be expected to relate to differences in the 444 effective confining pressure with a higher value at CdA than at ET-MS. How-445 ever, the pressure at the peak of metamorphism for CdA is slightly lower than 446 for ET-MS discarding a control by the confining pressure if the same pore-fluid 447 pressure is assumed. One significant difference between the two settings is that 448 the temperature at the peak of metamorphism is higher at CdA than ET-MS. Reaction front width
Reaction front velocity 
and (FP8) is written as
We have two equations in two unknowns. They are nonlinear and do not We solve this numerically for ψ using the Newton-Raphson technique and then 693 calculate γ.
The values of γ and ψ then give permeability and storativity using (FP9-10) the front is fixed (Fig.6 ) . 
